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࠻࠶ࡠࡊߩߡ޿ߟߦᏅ࡯ࠡ࡞ࡀࠛߩࠢ࡯ࡇశ
㧘ࡦ࡜ࡈࡠ࠼ࡅ࡜࠻࠹ : 2㧘ࡦࠫ࡝ࡇ : 1ᇦṁ㧔
 ,N : 5㧘࡞࡯ࡁࡄࡠࡊ-1 : 4㧘ࡦ࠲ࡔࡠࡠࠢࠫ : 3
࠾ : 7㧘ࡦ࠻࠮ࠕ : 6㧘࠼ࡒࠕࡓ࡞ࡎ࡞࠴ࡔ -ࠫN
㧘࡞࡯ࡁ࠲ࡔ : 9㧘࡞࡯ࡁ࠲ࠛ : 8㧘ࡦ࠲ࡔࡠ࠻
㧕᳓ : 11
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O3HCO
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ࡇࠪࠠ࠻ࡔࡏ࡞ࠞ-4-࡞࠴ࠛ-1 7 ࿑
‛ൻ࡛࠙ࡓ࠙࠾ࠫ࡝
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ߎߩಽሶߪᄢ߈ߥS㔚ሶ♽ࠍ߽ߟਛᕈಽሶߢ޽ࠅޔಽሶౝ㔚⩄⒖േๆ෼Ꮺ߇ṁᇦߦଐሽ
ߔࠆޕ਄⸥ߩࡇ࡝ࠫ࠾࠙ࡓൻว‛ߣห᭽ߦޔṁᇦಽሶߣࡌ࠲ࠗࡦಽሶਛߩႮၮᕈߩ㜞޿
㉄⚛ේሶߩ⋧੕૞↪߇ၮᐩ⁁ᘒߩࠛࡀ࡞ࠡ࡯቟ቯൻߦ෻ᤋߐࠇࠆޕ
Winsteinߣ Grunwald11ߪ t-ࡉ࠴࡞ࠢࡠ࡝࠼ߩടṁᇦಽ⸃㧔᳓ਛߢ޽ࠇ߫ട᳓ಽ⸃㧕෻
ᔕߦ߅ߌࠆ1ᰴߩㅦᐲቯᢙ߆ࠄY୯ࠍቯ⟵ߒߚޕY୯ߪᮡḰṁᇦEtOH : H2O 㧩 4 : 1
㧔૕ⓍᲧ㧕ߩߣ߈ߩㅦᐲቯᢙࠍ kS0ߣߒޔኻ⽎ߣߔࠆṁᇦਛߢߩㅦᐲቯᢙ kSߩᲧ߆ࠄ▚
಴ߔࠆޕ
Y ҂ log(kS/kS0)                                (15) 
CH3 C
CH3
CH3
solventCH3 C
CH3
CH3
Cl Cl-
solvent +
ߎߩಽሶߪ፾㜞޿⟎឵ၮߢࡉࡠ࠶ࠢߐࠇߡ޿ࠆߚ߼ޔ෻ᔕߪႮൻ‛ࠗࠝࡦߣṁᇦಽሶߣ
ߩ⋧੕૞↪߇ᡰ㈩⊛ߢ޽ࠅޔṁᇦಽሶߩᜬߟ㔚ሶฃኈ⢻ߦଐሽߔࠆޕ
 ᭂᕈಽሶ㧔AGʊBG㧕ࠍṁᇦߦṁ⸃ߒߚߣ߈ߦಽሶߩ߹ࠊࠅߦṁᇦಽሶ S ߇㈩ะߒޔ
ṁᇦಽሶSߩ߽ߟ㔚ሶଏਈᕈߣ㔚ሶๆᒁᕈߩലᨐߦࠃࠅޔS߆ࠄAG ࠨࠗ࠻߳ߩ㔚ሶଏ
ਈޔBGࠨࠗ࠻߆ࠄS߳ߩ㔚ሶଏਈߣ޿߁⋧੕૞↪߇௛ߊޕ
S (Donor) ĺ AGʊBGĺ S (Acceptor) 
ߎߩࠃ߁ߥṁᇦߩᜬߟ㔚ሶๆᒁᕈ࡮ଏਈᕈࠍࡄ࡜ࡔ࡯࠲ൻߔࠆߣޔᾲജቇ⊛޽ࠆ޿ߪㅦ
ᐲ⺰⊛෻ᔕࠍቯ㊂⊛ߦ੍᷹ߔࠆߎߣ߇ߢ߈ࠆࠃ߁ߦߥࠆߣᦼᓙߐࠇߚޕߎࠇࠄߩṁᇦಽ
ሶߩ㔚ሶฃኈ࡮ଏਈᕈࠍ⴫ߒߚ߽ߩߦ Gutmann12ߩ࠼࠽࡯ᢙ(DN)߅ࠃ߮Mayer13߇␜ߒ
ߚࠕࠢ࠮ࡊ࠲࡯ᢙ(AN)߇޽ࠆޕDNߪᏗ⭯1, 2-ࠫࠢࡠࡠࠛ࠲ࡦਛߢߩ੖Ⴎൻࠕࡦ࠴ࡕࡦ
(SbCl5)ߣṁᇦಽሶߦࠃࠆ1 : 1ળว૕↢ᚑߦ߅ߌࠆ⊒ᾲ㊂㧔-'Hin kcal mol-1)ߢቯ⟵ߐࠇࠆޕ
SbCl5 ߇㔚ሶฃኈ૕ߢ޽ࠆߚ߼ޔṁᇦಽሶߩ㔚ሶଏਈ⢻ࠍ⴫ߔዤᐲߣߥࠆޕߎࠇߦኻߒ
ߡANߪṁᇦਛߢߩ࠻࡝ࠛ࠴࡞ࡎࠬࡈࠖࡦࠝࠠࠪ࠼(Et3PO)ߩ
31P NMRߩࠤࡒࠞ࡞ࠪࡈ
࠻(G)ࠍ᷹ቯߔࠆߎߣߢ᳿ቯߐࠇࠆޕPේሶߪࠛ࠴࡞ၮߢࡉࡠ࠶ࠢߐࠇߡ޿ࠆߚ߼ޔṁᇦ
ߣߩዪᚲ⊛෻ᔕߔࠆߩߪOේሶߢ޽ࠅޔ࠻࡝ࠛ࠴࡞ࡎࠬࡈࠖࡦࠝࠠࠪ࠼ߪᒝႮၮߢ޽ࠆ
ߎߣ߆ࠄޔṁᇦಽሶߩ㔚ሶฃኈ⢻߇ᄢ߈ߊ෻ᤋߐࠇࠆޕPO⚿วߪ2㊀⚿วᕈࠍ߽ߟߚ
߼ޔ㉄⚛ේሶߣṁᇦಽሶߣߩ⋧੕૞↪ߪ㍈ᢅߦ 31P NMRߦᓇ㗀ߔࠆޕታ㓙ߦߪޔGߦߪ
Ớᐲ(c)ଐሽᕈ߇޽ࠆߚ߼ỚᐲჇടಽߦኻߔࠆࠤࡒࠞ࡞ࠪࡈ࠻ߩᄌൻ㊂ࠍ⵬ᱜߔࠆ㧔Gcorr
='G/'c㧕ޕMayerࠄߪSbCl5㨯Et3POߩ1:1ൻว‛ߩ1, 2-ࠫࠢࡠࡠࠛ࠲ࡦਛߢߩ୯ࠍᮡḰߣ
ߒߡޔએਅߩᑼߦࠃࠅANࠍቯ߼ߚޕ
横浜市立大学論叢自然科学系列　2012 : Vol.62 No.1・2
66
corr
corr 5 3
AN 100
(SbCl Et PO)
G
G u                                            (16)
㧟㧚ฦṁᇦࡄ࡜ࡔ࡯࠲ߣๆ෼࡮⊒శࠬࡍࠢ࠻࡞
ᢥ₂ 14ߦਈ߃ࠄࠇߡ޿ࠆ Ru(bpy)2(CN)2㍲૕ߩๆ෼߅ࠃ߮⊒శᭂᄢࠛࡀ࡞ࠡ࡯ࠍ⺃㔚
₸(1Dop)/(2Dop+1)ޔANޔDNޔZ୯ޔET୯ߦኻߒߡࡊࡠ࠶࠻ߒߚ߽ߩࠍߘࠇߙࠇ࿑ 9
㧙A߆ࠄEߦ␜ߔޕ
ๆ෼࡮⊒శࠛࡀ࡞ࠡ࡯ߣ߽ߦ Z୯ޔET୯ߣ⦟޿⋧㑐߇޽ࠆߎߣ߇ಽ߆ࠆޕߎߩ Ru㍲
૕߽㔚ሶㆫ⒖߇਄⸥ߩࠗࡒ࠳࠱࡯࡞߿ࡌ࠲ࠗࡦߣหߓಽሶౝ㔚⩄⒖േߢ޽ࠆߎߣ߿ CN
ၮߩNේሶ਄ߩ㔚ሶߣṁᇦಽሶߣߩ⋧੕૞↪߇ሽ࿷ߔࠆߎߣ߇㘃ૃߒߡ޿ࠆߚ߼ߢ޽ࠆ
-0.24 -0.20 -0.18-0.22
14
16
18
20
22
24
(1-Dop) /(2Dop+1)
10 30 50
AN
0 10 20 30 40
DN
50 70 90
Z
14
16
18
20
22
24
40 50 60 70
ET
E
ab
sa
nd
 E
em
 (1
03
 c
m
-1
)
E
ab
s a
nd
 E
em
 (1
03
 c
m
-1
)
1
2 3
4
5
6
78
9
10
11
12
1 2
34
56
7 8 9
10
11
12
12
12
11
11
6
6
2
2
10
10
8
8
7
7
4
4
5
5
3
3 3
3
5
5
4
4
1
1
11
11
12
12
2
2
6
68
8
12
12
11
11
10
10
9
96
6
8
8
5
54
4
2
2
3
3
7
7
1
1
12
1211
11
10
10
8
8
6
6
5
5
4
4
2
2
7
7
3
3
1
1
A B C
D E
࿑9 ฦṁᇦࡄ࡜ࡔ࡯࠲㧔A : ⺃㔚₸ޔB : ࠕࠢ࠮ࡊ࠲࡯ᢙޔC : ࠼࠽࡯ᢙޔD : Z୯ޔE : ET୯㧕
ߣRu(bpy)2(CN)2ߩๆ෼ࠛࡀ࡞ࠡ࡯㧔٨㧕߅ࠃ߮⊒శࠛࡀ࡞ࠡ࡯(٤)ߩ㑐ଥ㧔ᢥ₂14ࠃࠅޔṁᇦ 1 : 
࠹࠻࡜ࡅ࠼ࡠࡈ࡜ࡦ, 2 : ࠕ࠮࠻ࡦ, 3 : ࡇ࡝ࠫࡦ, 4 : N, N-ࠫ ࡔ࠴࡞ࡎ࡞ࡓࠕࡒ࠼, 5 : ࠫࡔ࠴࡞ࠬࡎࠠ
ࠪ࠼, 6 : ࠕ࠮࠻࠾࠻࡝࡞, 7 : ࠫࠢࡠࡠࡔ࠲ࡦ, 8 : ࠾࠻ࡠࡔ࠲ࡦ, 9 : 1-ࡊࡠࡄࡁ࡯࡞, 10 : ࠛ࠲ࡁ࡯࡞,
11 : ࡔ࠲ࡁ࡯࡞, 12 : ᳓㧕
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ߣ⠨߃ࠄࠇࠆޕ߹ߚޔANߣ߽⦟޿⋧㑐߇޽ࠅޔCNၮߩਇኻ㔚ሶߣߩ㑆ߩዪᚲ⊛ߥ⋧੕
૞↪߇ࠃߊ⴫ࠇߡ޿ࠆ߽ߩߣ⠨߃ࠄࠇࠆޕߘߩὐޔṁᇦಽሶߩ㔚ሶଏਈߩ㗅ߢ޽ࠆ DN
ߣߪ᣿⊕ߥ⋧㑐ߪߥ޿ޕߐࠄߦޔࡊࡠ࠻ࡦᕈṁᇦߢ޽ࠆࡔ࠲ࡁ࡯࡞ߣ᳓ߩ႐วߪ․⇣⊛
ߢ޽ࠆޕ߹ߚ⺃㔚₸(1Dop)/(2Dop+1)ߣߩ⋧㑐ࠍ⴫ߒߚ࿑ 9㧙Aࠍ⷗ࠆߣޔ᳓ޔࡔ࠲ࡁ࡯
࡞ޔࠛ࠲ࡁ࡯࡞ਛߢߪޔ᳓⚛⚿วߦࠃࠆCNၮߣṁᇦಽሶߣߩዪᚲ⊛⋧੕૞↪ߩߚ߼⋧
㑐߇ᖡߊߥࠆࠃ߁ߢ޽ࠆޕ߹ߚޔ Eabs, sߣEem, sߩᏅ㧔'E㧕ߦᵈ⋡ߔࠆߣޔ࿑9㧙B, D, E
ߢߘࠇߙࠇANޔZ୯ޔET୯߇ᄢ߈ߊߥࠆߦߟࠇߡޔ'E ߇ᄢ߈ߊߥߞߡ޿ࠆߎߣ߇ࠊ
߆ࠆޕ (9), (10)ᑼ߆ࠄ'Eߪ
 abs,s em,s out in2 Ȝ ȜE E E'                        (17)
ߣߒߡᓧࠄࠇޔౣ㈩೉ࠛࡀ࡞ࠡ࡯ࠍਈ߃ࠆޕANޔZ୯ޔET୯߇ᄢ߈ߊߥࠆߦߟࠇߡޔ
ṁᇦߩౣ㈩೉ࠛࡀ࡞ࠡ࡯߇ᄢ߈ߊߥߞߡ޿ࠆߎߣ߇ಽ߆ࠆޕ
એ਄ߩࠃ߁ߦޔṁ⾰ಽሶߣṁᇦಽሶߣߩ⋧੕૞↪ࠍὐ෺ᭂሶㄭૃߦขࠅᛒ߁ᣇᴺߢߪ
ṁᇦಽሶߣߩዪᚲ⊛⋧੕૞↪ࠍ㒰ᄖߒߡ޿ࠆߚ߼ޔ⚻㛎⊛ߥṁᇦࡄ࡜ࡔ࡯࠲ߩ߶߁߇ๆ
෼࡮⊒శࠛࡀ࡞ࠡ࡯ߣߩ⋧㑐߇޽ࠆࠃ߁ߢ޽ࠆޕߒ߆ߒߥ߇ࠄޔṁᇦࡄ࡜ࡔ࡯࠲ࠍ↪޿
ࠆ႐วޔ޿ߕࠇ߽ࡄ࡜ࡔ࡯࠲ߢ߽หߓ⚿ᨐࠍਈ߃ࠆߎߣߪߥߊޔኻ⽎ߣߔࠆṁ⾰ಽሶߦ
޽ߞߚࡄ࡜ࡔ࡯࠲ࠍ↪޿ࠆᔅⷐ߇޽ࠅޔߘߩ⸃㉼ߪቯᕈ⊛ߥ߽ߩߢ޽ࠆޕ෺ᭂሶ⋧੕૞
↪߅ࠃ߮ዪᚲ⊛ߥ⋧੕૞↪ࠍ㊂ሶൻቇ⸘▚ߦࠃࠅ⷗Ⓧ߽ࠆࠕࡊࡠ࡯࠴߇ߥߐࠇߡ޿ࠆ߇ޔ
㊄ዻ㍲૕ࠍ฽߻ṁᶧ♽ߦㆡ↪ߔࠆߩߪޔ߹ߛ߹ߛ㔍ߒ޿ࠃ߁ߢ޽ࠆޕߒ߆ߒޔ੹ᣣߩࠦ
ࡦࡇࡘ࡯࠲߅ࠃ߮㊂ሶൻቇ⸘▚ᴺߩ⋡ⷡ߹ߒ޿⊒㆐ࠍ⠨߃ࠆߣޔㄭ޿዁᧪㊄ዻ㍲૕ߣߘ
ࠇࠍขࠅ࿐ࠎߛṁᇦಽሶࠍਣߏߣ⸘▚ߔࠆߎߣ߇◲නߦߢ߈ࠆࠃ߁ߦߥࠆߛࠈ߁ޕ
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ઃ㍳ 25͠ߢߩṁᇦߩࠕࠢ࠮ࡊ࠲࡯ᢙ(AN)13 ޔ࠼࠽࡯ᢙ(DN)12 ޔ⺃㔚₸(Ds = H)15 ޔ 
ዮ᛬₸(n) 15 ޔET୯ 10 ޔZ୯ 9 ޔY୯ 11㧚
ṁᇦ AN DN Ds n
ET
(kcal/mol) 
Z
(kcal/mol)
Y
䊓䉨䉰䊮 0 㩷 0 1.890(20)  1.375  30.9   
䉳䉣䉼䊦䉣䊷䊁䊦 3.9  19.2  4.335(20) 1.353  34.6   
䊁䊃䊤䊍䊄䊨䊐䊤䊮 8.0  20.0  7.58 1.407 37.4 58.8  
䊔䊮䉷䊮 8.2  0.1  2.274 1.501 34.5 54.0  
྾Ⴎൻ὇⚛ 8.6  㩷  2.24(20)  1.466 32.5   
䉳䉫䊤䉟䊛 9.9  㩷 㩷  1.410    
䉫䊤䉟䊛 10.2  㩷   1.381 38.2 59.1  
HMPAa 10.6  38.8  30(20)  1.457 40.9 62.8  
1,4-䉳䉥䉨䉰䊮 10.8  㩷  2.24(20)  1.420 36.0   
䉝䉶䊃䊮 12.5  17.0  20.7 1.359 42.2 65.6  
N䋭䊜䉼䊦-2-䊏䊨䊥䉳䊉䊮 13.3  27.3  32.0   42.2   
N,N-䉳䊜䉼䊦䉝䉶䊃䉝䊚䊄 13.6  27.8  37.78  43.7 66.9  
䊏䊥䉳䊮 14.2  33.1  12.3 1.510 40.2 64.0  
䊆䊃䊨䊔䊮䉷䊮 14.8  4.4  34.82 1.551 42.0   
䊔䊮䉹䊆䊃䊥䊦 15.5  11.9  26.5(20)  42.0 65.0  
N, N-䉳䊜䉼䊦䊖䊦䊛䉝䊚䊄 16.0  26.6  38.3(20) 1.428 43.8 68.4 -3.47 
1,2-䉳䉪䊨䊨䉣䉺䊮 16.7  㩷  10.65(20) 1.445 41.9 63.4  
὇㉄䊒䊨䊏䊧䊮 18.3  15.1  64.4(20)  46.6   
䉝䉶䊃䊆䊃䊥䊦 18.9  14.1  37.5(20) 1.344 46.0 71.3  
䉳䊜䉼䊦䉴䊦䊖䉨䉲䊄 19.3  29.8  48.9(20) 1.478 45.0 71.1  
䉳䉪䊨䊨䊜䉺䊮 20.4  㩷  9.14(20) 1.425 41.1 64.7  
䊆䊃䊨䊜䉺䊮 20.5  2.7  35.87(30)  1.394 46.3 71.2  
䉪䊨䊨䊖䊦䊛 23.1  㩷  4.81(20) 1.443 39.1 63.2  
N-䊜䉼䊦䊖䊦䊛䉝䊚䊄 32.1  ~27 182.4  54.1   
䉟䉸䊒䊨䊌䊉䊷䊦 33.8  㩷  18.3(20) 1.377 48.6 76.3 -2.73 
䉣䉺䊉䊷䊦 37.1  㩷  25.00(20) 1.361  51.9 79.6 -2.033 
䊖䊦䊛䉝䊚䊄 39.8  㩷 24 111.0(20)  56.6 83.3 0.604 
䊜䉺䊉䊷䊦 41.3  19.0  32.62(20) 1.328 55.5 83.6 -1.09 
㈶㉄ 52.9  ~10 6.15(20) 1.372 51.2 79.2 -1.675 
᳓ 54.8  18.0  78.30 1.333 63.1 94.6 -3.493 
䊃䊥䊐䊦䉥䊨㈶㉄ 105.3  㩷  8.55(20)      
a HMPA ࡋࠠࠨࡔ࠴࡞ࡎࠬࡎ࡞ࠕࡒ࠼
